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NI "1. INTRODUCTION
During the last few years a tinlc--a,veraged thermodynamic. .~

model of the cu,nmsphcrf~oc<,an~c*on..mun system has been dev eloped. ~

The.rmodel consists of an - 1mo€1)11c,i ic layer of about 10 Kin; a layer

of about 50 metcrs in the chan and a layer of negligible depth in

~the continents. The atmosphere includes a cleoud layer.

..
.

Applying the conservation of thermal energy (first law of
thermodynamics} to this syptemn gives an cquation for the integrated
atmosphere, one for the oceanic'layer and onc for the surface of the
continents. The equations allow cornputation of the mid-tropospheric
temperaturce and the surface temperature, provided that we supply a

. parameterization of the different heating componcnts.
. . Ed . .

The modcel predicts the temperature ficlds (in the troposphere
and at'the surface of oceans and continent s) associated with the heating
 functions, most of which are also predicted variables. In particular,
the radiation heating components are generated internally in the model.

. .The model has been described in a series of papers (ADEM,
1962, 1964a, 19565a,21965b). It includes in some cascs crude para-
meterizations of the heating functions and some very strong simplifying
assumptions which are used for the ldack of a better parameteriz’ .ion or
foi/' the purpose of making the R: oblem nmthernutlcally tractable.

Despite the crudeness of the model its appncatlon has yiel ed
surprisingly good results., First it was used to f,\:plcun the climztolo
temperature distributions with good success (ADERM, 1964a, 190-,-‘0).
Afterwards it was used to compute fluctuations from the computed
climatological normal values, znd since Decernaber 1965 it has been

.

gical

uscd to make predictions of departurcs from tiic norrnal valucs cf
temperature and precipitation for periods of 2 month. The prelithinary
(ADEM& JACOB, 1968). The best skill of

month-to-month cn.anges in oceln

results have bcen encoura
the currcnt model is in pr

temperatures.
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While the current raedel is being tested operationally,

attempts arc boing made to develop an 5:1:;:»2:0\'06 modcl by refining

the parameterization of the heating components, by tsing more

realistic six'rlpﬂf\’irl:'- assumplions or by choosing beiter values of

the parameters that enter in the current model.

20 R sl)lAl‘TO\T N ODEL CURRENTLY USED

“The radiation model used roust adcequately incorporate the

JGnteractions at the surface of the earth., This is due to the fact that,

very frequently,” the main sources of anomalous weather for periods
of 2 ymonth or 2 geaseon are associcted with anomalous conditions in the

underlying surfece (NAMIAE, 1957).

The best known factors are thc anomalics of ocean temperature
and surfece albedo, which arc » esponsible for important 2ir tempcecrature
anomalies and which, ther ¢fore, have to be predicted together \vnh the

‘metcorological variables. .

The present thermodynamic model uses a2 simplified radiation
rmodel, in which adcquate par““n_eteri:,ationé of variables are introduced
(ADEM, 1962, 19564a).To illusirate the type of parameterizations-and

~assumptions needed, we will mention some of the ones already used in

the current model: . T

a) TFor the fra cL1ono] abs 011) ion of short-wave radlatlo’i in tne
surface, the Lollowmg fornm]a is used:

- :
<>/” o (‘7 * ? ( oL )
/ 7 N
I < the foral solo 1 radiation received
where 447 77 7 is the total solar and-sky radiation rececived -
. . ~7 . - ,. .« - .
by the surface of the ¢arth, O] ~ is the fractionzl surizce albed
and is the insolation at the top of the atniospherc.-..*'
-, . O .
(}/ + & is computed using the Savino- Anf*ero,n fov r~1ul¢

(;77 f? Tt 7‘} [/ —~ (7 */;é)éj - "‘(1) '
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where (C-'J’ 7 J‘)C is tln, gum of solar and sky radiation
received by the surface with clear sky, /Q ig a function of

i

latitude and ¢ is the fraciional cloud cover.
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b) We assume a single cloud laycy.whos e hbris omd.l extent
1 : .

is computed by Lo . o . J
! T
€ =€, +A(G-6
. Y .9 S
. ; ) 4
. ’__//"
where A is a comstant,’ EN is the norn nal cloudi ness and
( Cf~ e Gy‘.-« . ) is the é;ﬂ_" omaly of the heat of condensation. The

lau,tcr is comm mtcd from Ule ahoxvlahe of the temperature and the
associated c11‘cu] tlon

c) To compute tlm cdcc:,s of long-wave radiation we assuvine
black-body ermission from the surface of the earth and from the clouds.
For the cloudless atmosphere, a radiation model is used with one single
transparent window far . wave-lengths from 8 to 13 microns, and with
black body cmission for all other wave-lengths. These assumption
were also used recently by ;}IK JCHI (3 9;\9)' in a two-layer general ci.rf.
culation mmodel. ‘ )

3. POSSIBLE IIviPROVEI\'IE"\TT IN THE RADIATION MODEL
We woyuld like to improve the simplified radiation functions znd
parameterizations used in the present model. In this report we will
outline only a few of the possibilities for improvement. '

/T a) At present we use LONDON'S (1957) clivnatological valie

i

for absoxrption of insolation by clear sky and by clouds, and we would

like to incorporate these absorpuons as variables, us'mg adequate
parameterizations. ’ :

<
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b) The coupling of the extent of snow. with temperzture, pre-
cipitation and other varizbles must also be incorporated. CLAPP (1967)
has developed a non-lincar method for such cobipling.
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i
ite data can be used (o nnprove the paramecterizations,
For example:

CLAPH (personal CO“L’L]H‘L'U;(‘UL"O’I) is attemnmpting to improve
formula (1), for.zbscrplion of insola ation at the «ulf ce, ‘by cxpressing
the cloud trensni issivlty ’,!) , as a Function of ¢ loudincss-itsclf,

HANSON et aI (1967} have-dé Fived a for mula for the fractional
absorption of 1nuol<,.t4._0a by the atmosphere ove * the U. S. ‘

d) A natural xtension-of this simplified model is of course
to develop a multiple-layer model, including a  :ratospheric laye

with ozone abs Ofl)(‘.iO'” - However, we don't like to introduce sophis~
tication ualess it = cplescnl s an essenlial addition to the physics of
the model, resulting in“an improvement in the skill of the predictions

\.1 ,
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